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Carrion cycling in food webs: comparisons among terrestrial  
and marine ecosystems
James C. Beasley, Z. H. Olson and T. L. DeVault 
J. C. Beasley (beasley@purdue.edu) and Z. H. Olson, Dept of Forestry and Natural Resources, 195 Marstellar Street, Purdue Univ.,  
West Lafayette, IN 47907, USA. – T. L. DeVault, US Dept of Agriculture, Animal and Plant Health Inspection Service, Wildlife Services, 
National Wildlife Research Center, Ohio Field Station, 6100 Columbus Avenue, Sandusky, OH 44870, USA.
In light of current global changes to ecosystem function (e.g. climate change, trophic downgrading, and invasive species), 
there has been a recent surge of interest in exploring differences in nutrient cycling among ecosystem types. In particular, 
a growing awareness has emerged concerning the importance of scavenging in food web dynamics, although no studies 
have focused specifically on exploring differences in carrion consumption between aquatic and terrestrial ecosystems. 
In this forum we synthesize the scavenging literature to elucidate differences in scavenging dynamics between terrestrial 
and marine ecosystems, and identify areas where future research is needed to more clearly understand the role of car-
rion consumption in maintaining ecosystem function within each of these environments. Although scavenging plays a 
similar functional role in terrestrial and aquatic food webs, here we suggest that several fundamental differences exist 
in scavenging dynamics among these ecosystem types due to the unique selection pressures imposed by the physical 
properties of water and air. In particular, the movement of carcasses in marine ecosystems (e.g. wave action, upwelling, 
and sinking) diffuses biological activity associated with scavenging and decomposition across large, three-dimensional 
spatial scales, creating a unique spatial disconnect between the processes of production, scavenging, and decomposi-
tion, which in contrast are tightly linked in terrestrial ecosystems. Moreover, the limited role of bacteria and temporal 
stability of environmental conditions on the sea floor appears to have facilitated the evolution of a much more diverse 
community of macrofauna that relies on carrion for a higher portion of its nutrient consumption than is present in 
terrestrial ecosystems. Our observations are further discussed as they pertain to the potential impacts of climate change 
and trophic downgrading (i.e. removal of apex consumers from ecosystems) on scavenging dynamics within marine and 
terrestrial ecosystems.
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In recent years a growing body of literature has emerged 
underscoring the importance of scavenging in food web 
dynamics, calling for a paradigm shift in how ecologists 
delineate nutrient cycling among trophic levels within and 
across ecosystems (DeVault et al. 2003, Selva and Fortuna 
2007, Wilson and Wolkovich 2011). In particular, the use 
of carrion by vertebrates through facultative scavenging is 
much more widespread than implied by conventional 
theory, resulting in the underestimation of scavenging by 
as much as 16-fold in food-web research (Wilson and 
Wolkovich 2011). Such underestimation of scavenging- 
derived links in food webs is not a trivial omission, because 
scavengers serve an important function as stabilizing forces 
in food webs (DeVault et al. 2003) and play critical roles 
in the redistribution of nutrients among ecosystems (Payne 
and Moore 2006). Moreover, scavenged carrion resources 
can create hotspots of biological diversity that last for years, 
increasing landscape heterogeneity and the spatial com-
plexity of ecosystems (Towne 2000, Smith and Baco 2003, 
Carter et al. 2007, Bump et al. 2009).
In light of current global changes to ecosystem function 
(e.g. climate change, trophic downgrading, and invasive 
species) there has been a surge of interest in understanding 
differences (and commonalities) in the cycling of nutrients 
among ecosystem types (Chase 2000, Shurin et al. 2006, 
Nowlin et al. 2008, Van der Wal and Hessen 2009). In 
particular, much focus has been devoted to contrasting 
food-web dynamics between terrestrial and aquatic eco-
systems; however, no studies have focused specifically 
on carrion consumption. Although there are similari-
ties in scavenging activities between terrestrial and aquatic 
ecosystems, fundamental differences exist in the way ani-
mal carcasses are cycled in each of these food webs. Here 
we synthesize the major differences in scavenging between 
terrestrial and aquatic ecosystems to highlight the impor-
tance of carrion consumption as a factor affecting nutri-
ent cycling within each of these ecosystem types. We also 
discuss the potential effects of climate change and trophic 
downgrading (i.e. removal of apex consumers from 
ecosystems – Estes et al. 2011) on scavenging dynamics and 
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identify areas where future research is needed. Compared 
to information available from marine ecosystems (reviewed 
by Britton and Morton 1994), there are few data concern-
ing the fate of carrion in freshwater habitats (Minshall et al. 
1991). Thus, in this paper we concentrate on marine sys-
tems, particularly abyssal ecosystems which comprise  50% 
of the earth’s surface (Smith et al. 2008); although many 
of the general patterns associated with marine scavenging 
undoubtedly apply to fresh-water lakes and rivers as well.
Spatial dynamics of carrion resources
The primary differences in the cycling of carrion resources 
between terrestrial and aquatic ecosystems are directly attrib-
utable to emergent properties of water and air. The higher 
relative density of water and the three-dimensional nature 
of aquatic ecosystems allows for the movement of carrion, 
either by wave action, upwelling, or most notably, sinking 
(Britton and Morton 1994), whereas carrion produced on 
land remains relatively unmoved throughout the processes 
of scavenging and decomposition. This basic truism has 
many consequences for the way ecosystems in water and 
on land operate, including the mechanisms influencing the 
evolution of scavenging behavior in both ecosystem types.
Movement of carcasses in marine ecosystems diffuses the 
biological activity associated with scavenging and decom-
position across larger, three-dimensional spatial scales than 
occurs on land (Allison et al. 1991, Rowe and Staresinic 
1979, Carter et al. 2007). First, the mechanical action 
of waves and currents in shallow marine environments dif-
fuses the concentration of nutrients and particulates that 
result from scavenging and decomposition, limiting the 
intensity of any localized response in primary production to 
the occurrence of a carcass (Burkepile et al. 2006). Second, 
carcasses in pelagic environments may sink fairly rapidly 
through the zone of primary production to depths inacces-
sible to most pelagic scavengers, enforcing a time-limit on 
the recruitment (i.e. a functional response) of scavengers 
to a carcass that otherwise would represent a considerable 
resource (DeVault et al. 2003). Thus, in these ecosystems 
the dilute and ephemeral flush of nutrients associated with 
a carcass can be contrasted with what is a spatially con-
strained and relatively intense biological signal associated 
with carcasses in terrestrial ecosystems (Janzen 1977, Carter 
et al. 2007, Melis et al. 2007).
The added vertical dimension in marine environments 
deserves special consideration as a unique scenario in 
scavenging ecology. This fundamental physical difference 
between terrestrial and marine scavenging maintains a limit 
on the amount of time a carcass is available for scavenging 
by the pelagic community (where most carrion resources 
are generated), but has facilitated the evolution of a diverse 
assemblage of scavengers associated with the benthic envi-
ronment in the deep-sea. For example, nearly 200 species 
of macrofauna have colonized a single whale carcass at den-
sities of up to 45 000 individuals per square meter (Smith 
and Baco 2003), whereas macrofaunal species assemblages 
capable of colonizing or scavenging terrestrial carcasses 
appear to approach only half that richness (Tabor et al. 
2005, Selva et al. 2005). The presence and persistence of 
these deep-sea scavengers is inextricably linked to the 
availability of nekton, or raining organic matter, from the 
surface (Gooday et al. 1990, Britton and Morton 1994, 
Smith et al. 2008). This vertical separation of the deep-sea 
benthic scavenger community from its source of nutrient 
production in the photic zone above represents an interest-
ing spatial disconnect between the processes of produc-
tion, scavenging, and decomposition, which in contrast 
are tightly linked in terrestrial ecosystems (Wardle et al. 
2004). For example, in terrestrial environments the nutri-
ents associated with scavenging and decomposition are rap-
idly recycled by primary producers at or near the carcass 
location (Towne 2000, Payne and Moore 2006, Bump et al. 
2009), while interactions between abyssal depths and zones 
of primary productivity can be measured on evolutionary 
time-scales (Smith et al. 2008).
Competition for carrion
Vertebrates, invertebrates, and bacteria all compete for car-
rion resources, although the competitive hierarchy among 
these diverse assemblages of organisms differs between ter-
restrial and marine ecosystems. Terrestrial environments 
undergo dramatic temporal changes in weather (both daily 
and seasonally), influencing the ability of each of these 
groups of organisms to compete for carrion, and resulting 
in temporal shifts in scavenger community composition. 
For example, during periods of warm weather the activity 
of smaller ectothermic organisms such as insects and bac-
teria is maximized, significantly reducing scavenging rates 
by terrestrial vertebrates (DeVault et al. 2004, Selva et al. 
2005, Parmenter and MacMahon 2009). However, bac-
teria monopolization of carrion in terrestrial ecosystems 
also may be influenced by the composition and abun-
dance of invertebrate species, which can produce inhibitory 
secretions that attenuate microorganism growth on carrion 
(Hall et al. 2011). Conversely, temperature fluctuations 
in marine (particularly abyssal) ecosystems are minimized 
by the large heat capacity of water (Steele 1985). Thus, 
relative efficiencies in carrion consumption by various taxa 
in marine ecosystems are not regulated by climate shifts to 
the degree that they are on land. As a result, evolutionary 
pressures, namely competition between vertebrate, inverte-
brate, and bacterial scavengers, undoubtedly differ between 
terrestrial and marine environments.
Bacteria are able to effectively compete with scaven-
gers by producing toxic and objectionable chemicals that 
can render carcasses unpalatable to animals in as little as 
24 h (Janzen 1977, DeVault et al. 2004, Burkepile et al. 
2006). However, bacterial growth is strongly limited by 
temperature and pressure (Jannasch 1978), thus microbes 
do not appear as capable of monopolizing carrion resources 
in marine ecosystems as effectively as on land (Gooday 
et al. 1990, Allison et al. 1991; but see Burkepile et al. 
2006). For example, due to low temperatures and increased 
pressure at abyssal ocean depths, a single cetacean carcass 
can provide food for several years to hundreds of thousands 
of scavengers comprising nearly 200 species (Smith and 
Baco 2003), whereas a carcass of similar size on land can 
be rendered useless to vertebrates within days by insects 
and microbes (Coe 1978, Carter et al. 2007). This persis-
tence of carrion on the sea bed through reduced microbial 
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activity appears to be a vital component to the evolution 
and maintenance of high levels of biodiversity in abyssal 
ecosystems.
Despite the prolific and diverse community of scav-
engers supported within deep-sea ecosystems, researchers 
have speculated that marine ecosystems should not support 
the evolution of obligate scavengers owing to the spatial 
and temporal unpredictability of carrion on the sea floor 
(Britton and Morton 1994). However, contrary to such 
theory, recent research demonstrates that many deep-sea 
species have evolved physiological and behavioral traits 
conducive to a scavenging lifestyle, suggesting that some 
deep-sea animals may in fact be obligate scavengers (i.e. 
they rely on carrion for survival) and many likely rely on 
necrophagy for a large portion of their diet (Kaiser and 
Moore 1999, Tamburri and Barry 1999, Smith and Baco 
2003). For example, mobile scavengers (e.g. the hagfishes) 
have evolved highly sensitive chemoreceptive abilities which 
allow them to detect distant carrion resources and have 
the ability to survive a year or more between meals (Smith 
1985, Tamburri and Barry 1999). Despite these recent 
discoveries, the dietary habits of most abyssal scavengers 
remain poorly understood due to the difficulties of moni-
toring free-ranging individuals in benthic ecosystems, and 
thus scavenging ecology in the deep-sea remains an area 
of much needed research. Similarly, vertebrate scavenging 
likely plays an important role in nutrient cycling in other 
marine environments, yet little is known regarding scaveng-
ing behavior in these ecosystems. For example, although 
carrion often is not commonly available in coral reef eco-
systems, Rassweiler and Rassweiler (2011) recently demon-
strated that the absence of carrion in these ecosystems is due 
to rapid (within 24 h) consumption by fish, rather than a 
lack of carrion inputs.
Although competition between vertebrates and microbes 
for carrion resources is more pronounced in terrestrial eco-
systems, the ability of bacteria to monopolize carrion on 
land varies spatially with both altitude and latitude as a 
function of ambient air temperature. As a result, the role 
of carrion consumption in maintaining facultative scaven-
ger populations on land likely differs among ecosystems 
(DeVault et al. 2011), although little is known about the 
importance of scavenging in many terrestrial ecosystems. 
Spatial variability in microbial activity also may exist in 
oceans between abyssal and surface or tropical and arctic 
ecosystems, although even in tropical marine ecosystems 
microbial monopolization of carcasses likely is limited due 
to the rapid attenuation of carrion by vertebrates (Smith 
1985, Jones et al. 1998).
In addition to the ephemeral nature of carrion resources 
on land, most terrestrial scavengers have increased energetic 
costs associated with locating carrion relative to scavengers 
in aquatic environments. As a result of these additional con-
straints, most terrestrial vertebrates appear to utilize carrion 
opportunistically (DeVault et al. 2003); only large, soaring 
birds (i.e. vultures) have evolved as obligate carrion con-
sumers (Ruxton and Houston 2004; see also Shivik 2006). 
Nonetheless, necrophagy is pervasive among terrestrial 
organisms and energy derived through scavenging may 
play a central role in the survival and distribution of many 
species (Houston 1978, Wilmers et al. 2003a, b). In particu-
lar, carrion consumption by vertebrates in temperate climates 
is greatest during winter, owing to the reduced activity of 
microbes (DeVault et al. 2004, Selva et al. 2005), and 
thus nutrients obtained through scavenging may play a 
critical role in the overwinter survival and development of 
offspring (Gese et al. 1996a, b, Wilmers et al. 2003b); 
although empirical research is needed to test this intriguing 
hypothesis.
Broader ecological impacts
Given the important role carrion consumption plays in 
numerous ecological processes such as mitigating disease 
spread (Pain et al. 2003, Jennelle et al. 2009) and main-
taining food-web stability (DeVault et al. 2003, Wilson 
and Wolkovich 2011), there is an emerging need to eluci-
date how anthropogenic perturbations to ecosystems (e.g. 
trophic downgrading, climate change, pollution, invasive 
species) influence the efficiency and resiliency of scavenging 
communities. In a striking example that demonstrates the 
importance of scavenging communities, accidental poison-
ing of vultures at carcasses has disrupted scavenging com-
munities in Africa (Virani et al. 2011) and India (Green 
et al. 2004), resulting in cascading effects on ecosystem 
services and human health (Markandya et al. 2008).
Climate change in particular represents an acute threat 
to the stability of scavenging communities worldwide 
(Smith et al. 2008, Wilson and Wolkovich 2011), although 
the impacts of climate change on scavenger community 
composition likely will vary among ecosystems. Given 
that decomposition rates for carrion double for roughly 
every 10°C increase in temperature (Vass et al. 1992, 
Parmenter and MacMahon 2009), the availability of car-
rion to terrestrial macrofauna could decline by 20–40% 
over the next century based on current projections from 
climate change models due to increased microbial activity. 
Thus, increasing temperatures on land likely will dispro-
portionately favor microbes, potentially reducing terres-
trial biodiversity by limiting species dependent on carrion 
for critical food (Houston 1978, Wilmers et al. 2003a, b, 
Ruxton and Houston 2004) and breeding (Rozen et al. 
2008) resources. Although reduced carrion availability 
likely will have widespread implications among terrestrial 
ecosystems, the impacts could be particularly acute in polar 
ecosystems due to the critical role that carrion plays in over-
winter survival and breeding success of some species (Fuglei 
et al. 2003).
Although increased temperatures are likely to alter scav-
enging community dynamics on land, effects of climate 
change presumably also will be widespread and detrimental 
to organisms in deep-sea ecosystems due to their inextri-
cable link to surface productivity. For example, in marine 
ecosystems projected climate change models indicate that 
surface production of organic material could decline by 
more than 50%, drastically reducing the availability of 
resources to food-limited abyssal ecosystems (Smith et al. 
2008). Such a dramatic decrease in food availability 
undoubtedly would constrain populations of benthic scav-
engers, potentially reducing biodiversity on the sea floor. 
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Experimental research quantifying the impacts of trophic 
downgrading on scavenging dynamics should be a focus 
of future foodweb research in both terrestrial and marine 
ecosystems.
Conclusions
Although carrion consumption plays a similar functional 
role in terrestrial and aquatic food webs, several fundamen-
tal differences exist in scavenging dynamics among these 
ecosystem types due to the unique selection pressures 
imposed by the physical properties of water and air. In par-
ticular, the limited role of bacteria and temporal stability 
of environmental conditions on the sea floor appears to 
have facilitated the evolution of a much more diverse com-
munity of macrofauna that relies on carrion for a higher por-
tion of its nutrient consumption than is present in terrestrial 
ecosystems. Nonetheless, despite the additional constraints 
of scavenging on land, carrion consumption is pervasive 
among macrofauna in terrestrial ecosystems (DeVault et al. 
2003, Selva and Fortuna 2007), suggesting that scaveng-
ing is a vital means of acquiring nutrients for many species 
regardless of their functional role in food webs.
There is no doubt that both terrestrial and aquatic 
organisms across the globe face immense challenges in the 
face of widespread human perturbations to ecosystems 
(Terborgh et al. 2001, Estes et al. 2011). Although recent 
research has greatly improved our understanding of the role 
of carrion consumption in the structuring and stability of 
both terrestrial and aquatic food webs, there is a need to elu-
cidate the role of scavenging in broader ecosystem processes. 
In particular, understanding the mechanisms governing 
differences in carrion cycling among ecosystems will 
be essential to developing strategies to mitigate the effects 
of human activities on global ecosystem function (Wenny 
et al. 2011). Although the impact of altered carrion avail-
ability is obvious for species that are obligate (or primarily) 
carrion consumers or breeders, the majority of species utilize 
carrion opportunistically. Thus, a clear understanding of the 
impact of carrion availability on the ecology, distribution, 
and persistence of facultative scavengers will be essential to 
the future management and conservation of numerous taxa.
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